CHAPTER 3 (Odd) 


l. a. 0.5 in. = 500 mils b. 0.01 in. = 10 mils 


Cc. 0.004 in. = 4 mils d. 1 in. = 1000 mils 


e. 0.02 ES EPA = 240 mils 


f. 0.01 5H E mo. = 0.003937 in. = 3.937 mils 


3. Acm= (dni > dnils = Yvicm 


a. d = y1600 CM = 40 mils = 0.04 in. b. d = y90 CM  = 30 mils = 0.03 in. 


O. d = y40,000 CM = 200 mils = 0.2 in. d. d = y625 CM  = 25 mils = 0.025 in. 


e. d = y7.715 CM = 2.78 mils = 0.00278 in. f. d = y8l CM = 9 mils = 0.009 in. 


5. R= PP = 9.9, 50 yd = 150 tt 


0.0045 in. = 4.5 mils, Acm = (4.5 mils)? = 20.25 CM 


R=p1 - PCI 7330 
A “(20.25 CM) 


7. a = 0.03125" = 31.25 mils, Acm = (31.25 mils)? = 976.56 CM 


l RA (2.2 0)1(976.56 CM) 
¡AA E E a o E IE 
Pz p 600 


9. a. Ksilver > Reopper > Raluminum 


b. Silver: R=p = LB 992 (Any = (1 mil)? = 1 CM 


Á 1 CM 


Copper: K = p = 40.300 $) _ 10379 £ Acm = (10 mils)? = 100 CM 


Á 100 CM 


Aluminum: R= p2 = UDC0BD 0.342 ( Any = (50 mils)? = 2500 CM 


Á 2300 CM 


11. a. 3" = 3000 mils, 1/2" = 0.5 in. = 500 mils 
Area = (3 Xx 10? milsI(S x 10? mils = 15 x 10? sq. mils 


15 x 10% sq mit | = 19.108 x 10% CM 


R= pL-= 00306) 2371. 
Á 19.108 x 10% CM 


(Odd) 


13 


13. 


15. 


17. 


19. 


14 


bo R=pl2__0DÉé) __ 35.59 u0 


Á 19.108 x 10% CM 
C. increases 


d. decreases 


2 ..2 
de Ed E- EXTE = 0.2257 in. 
R T 


Amils = 225.7 mils 
Acm = (25.7 mils)? = 50,940.49 CM 


P1— 
R; Aj _fih4 _ 44 


RR TZ AA TA "m7 


RiLA¡ _ (800 mí)(300 ft)(40,000 CM) 
d R. = SA A TA <= 42.28 0 
CA (200 f0(50,940.49 CM) 5 


> 


48: R = 1800 4 55 = 1.1308 £ 


6.385 Q 
$18: R = 1800 = 11.493 Q 
x| 1000 7 | 
b. 418:48 = 11.493 (:1.1308 Q = 10.164:1 = 10:1 
Cc. 418:78 = 1624.3 CM:16,509 CM = 1:10.164 = 1:10 


a. A/CM = 230 A/211,600 CM = 1.087 mA/CM 


p 1087 mA| 1CM ES cid rl — 1,384 kAJin.? 


1 in. 1 in 


F sg-mís 


4 


a. LL 2.34 cm =1.27cm, 3j. 2.34 cm = 7.62 cm 
2 1” Lx 


¿e 25 | [254 cm] - 1219 cm 
1 lá 
l (1.724 x 10"%)1(121.92 cm) = 21.71 12 


R = AAN E PE 
d (127 can 7.62 cm) 


a | 


Il (2.825 x 10"%1(121.92 cm) 
— A e + 5, 9 0 
Á (1.27 cmN(7.62 cm) id 
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21, 


2d 


25. 


27. 


29. 


31. 


33. 


(Odd) 


C. increases 


d. decreases 
R=rRI=> we Es . (150 0)0/2 in) 0.15 in 
y R 500 2 a 


2345 +8" 2345 +1, => 2345 +10 _ 234,5 + 60 


R, R> 22 R, 
_ (Q95(2 0) _ 2.409 0 
as 
5 o 5 o o 
C= ¿CF — 32) = (32 — 32) = 0” (=32*F) 


QS 500 — 32) = 21.11? (=70"F) 


234.5% + 21.11% _ 234,5" +0 


4 0 R, 
R,= L434BD_360 
255.61 
243 + (-30) _ 243 +0 
0.04 Q R> 
R, = (43140 m8) _ 46 mo 
2 213 
238.5 234.5 + 5) A 238.5 234.5 + t> 
a. A a AS EE AA 
0.92 9 1.06 1 0.92 0 0.15 2 
274.793 = 234.5 + 1, 38.886 = 234.5 + 1, 
ty = 40.29C ty = —-195.61*C 
1 1 1 


= — == 2 -_=_2 -0.003929 =0. 
20% TT] +20 B45+2% 245 sil 


b. R = Rool1 + aplt — 20*C)] 
1 2 = 0.8 [1 + 0.00393(* — 20*)] 
1.25 = 1 + 0.003932 — 0.0786 
1.25 — 0.9214 = 0.003937 
0.3286 = 0.00393: 
0.3286 


t= = 83.61" 
0.00393 Pm 


Table: 1000" of +12 copper wire = 1.5332 € 20*C 
C* = E — 32) = 015 — 32) = 46.119 


R = R>o[1 ES Ary us 20C0)] 
1.5880[1 + 0.00393(46.11 — 20)] 
1.751 Q 
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35. 


41. 


43. 


45. 


47. 


49. 


51. 


3. 


33. 


57. 


16 


Fig. 3.21: At 90*C, +1% = 0.01(10,000) = 100 Q, 


.. 10,100 Q at 90%C 


AR = R, — R, = 10,100 2 — 10,000 = 100 Q 


AT = 90” —- 20*C = 70*C 
(ar (109  _ (100 míoé) _ 
PPM =  _WV/_ == “NW”! = 142.86 
Ruomin 4D (10kKDCO) 


-30C > +2% = 200 ( = 10.2 kQ 
100*C > 1.5% = 150 2 = 10.15 kQ 


6.5 kQ 
4kQ 6kQ 
a. 220 Q = Red, Red, Brown, Silver b. 


C. 68 k(? = Blue, Gray, Orange, Silver d. 


10 A + 10% =100 + 1 2 =9 0 - 11 0 No 
15 Q + 10% = 150 + 1520 = 135 0 - 16.5 0 
a. Table 3.2, Q/1000" = 6.385 Q 
1 1 
G==== 156.6 mS 
R 6.385 0 me 
A 1,624.3 CM (Table 3.2) 
Gs Ll =>» II AS = 156.6 S 
di al (10-3D(1000) Ñ 
1,624.3 CM 1.624.3 CM 
b. G= 2 = 95,54 mS (Al ; G= == =21.9 m8 
(1 (10007) q, A (1210007) dd 
Good: R < 1 Q (low) 
Bad: R = o( 
Good: Some resistance (filament not open) 
Bad: = 00 (1 (filament open) 
2. Log scale: 10 fc => 3 kQ b. negative 
100 fc > 0.4 kQ 
C. no—log scales imply linearity d. 1kQ => =30 fe 
10 kQ = =2 fe 
AR 10 kQ - 1 k0 
= mm == 321.43 0/f 
Mel” 30% -2% Ñ 
and 4% — 321.43 Q/fc 
Afe 
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4700 Q = Yellow, Violet, Red, Silver 


9.1 MQ = White, Brown, Green, Silver 


CHAPTER 3 (Even) 


2. a.  0.050in. = 50 mils, Acq = (50 mils)? = 2500 CM 
b. 0.016 in. = 16 mils, Acy = (16 mils)? = 256 CM 


c.  0.30im. = 300 mils, Acy = (300 mils)? = 90 x 10% CM 


d. [0.1 sal a = 0.0394 in. = 39.4 mils 


= (39.4 mils)? = 1552.36 CM 


1% 
= (36 mils)? = 1296 CM 


e. 0.003 % E in. ] = 0.036 in. = 36 mils 


f. 0.0042 EAS = 0.1654 in. = 165.4 mils 


Ácm = (165.4 mils)? = 27,357.16 CM 


4. 0.01 in. = 10 mils, Acm = (10 mils)? = 100 CM 
R = p = (10.37), Ei = 20.74 2 


6. a A=p2= 1280) _ 544 CM 


R 2.5 0 
b. d = VAcm = y544 CM - = 23.32 mils = 0.0233 in. 
8. a. Ácm = Pd = (10.37)300”) = 1244.40 CM b. larger | C. smaller 
R 2.5 Q 
10. p= —= (00 104 CM) _ = 47 = nickel 


=r 1000* 


12. l, = 21,, Á>) = A1/4, P> == P] 
ph 
R,_ 4, PRA UA] 


and R, = 8R, = 8(0.2 2) = 1.6 2 
AR =1.62 — 0.22 =1.42 


14. a Fl: ES | = 0.567 2 


$14: 450 JE 323 >| = 1.136 2 


(Even) 17 


16. 


18. 


20. 


Zd 


24. 


26. 


18 


10 


Resistance: XF14:411 1.136 Q:0.567 Q = 2:1 


4106.8 CM:8234.0 CM = 1:2 


Area: 414:411 


A=p1 - 003060) - 3111 EM -  ss0cm= 45 
R  6m0 6 x 10” 


but 110 A => F2 


A=p = (003060) _ 311.1 CM _ 103.700 CM=> $0 
R 3 mQ 3x 10% 


1 in: = 0.1 1n. a 2 = 0.254 cm 
n. 


2 2 

4A= "4 _ 6.14)00.254 cm)” _ 0.0506 cm? 

7 3 

2 
¡= PA Q0(0.0506 cm%) _ 58 700 cm = 58.7 m 
p 1.724 x 107% 
| -6 

P=10=>d4d= £ - 290x107 25 yem 
d 100 100 
d = 1in. = 1000 mils 


Acm = (10% mils)? = 10% CM 
6 
py = FA. UmDUO" CM) — 1 cms 


[ 10? ft 
lin. = 2.54 cm 
Á = 1d” - 702.54 cm” _ 5 067 cm? 

4 4 
1 = 1000 £e | 12 11 | [2.54 cm | _ 30 480 cm 

1 ft 1 in. 
2 

p, = PA - 0 mMM06.067 em”) - 1.662 x 1077 0-cm 

l 30,480 cm 


-7 
iS e _ 1.662 x 10" Q-cm _ 1.662 x 1077 


236 +0 _ 236 + 100 


0.02 1 Ra 


R> 


(0.02 20336) _ 0 025 0 
236 


234.5 + 30 _ 234.5 - 40 
0.76 Q R, 


R> 


(194.5)00.76 2) _ 0.5589 1 
264.5 
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28. 


30. 


IZ 


34. 


38. 


42. 


a.  68%F =20*C, 32%F = 0*C 
234.5 +20 _ 234.5 +0 
0.002 Ra 
R, = LI 1 - 1.342 me 

254.5 
212*F = 100 *C 
234.5 + 20 _ 234.5 + 100 


2 m( R> 
R,= 463450 m2) _ 2 628 m0 
254.5 
AR 2.628 m2 - 2 m8 0.628 mí SE 
b  2%f_ 20% mil - ¿mi _ 0.648 mil _ 7 25 0/7 or 7.85 x 1075 9/10* 
AT “T00*C - WC 300 peón di 
a  K=273.15+"C b. K = 273.15 + *C 
50 = 273.15 + *C 38.65 = 273.15 + *C 
0 = -223.15" %C = 234.52 
234.5 + 20 _ 234.5 - 223.15 234.5 +20 _ 234.5 - 234.5 
10 0 Ro 10 U Ra 
11.35 (0,10 2 
R, = 11-33 10 9) = 0.446 2 R = A 
22 o o 


Recall —234.5 = Inferred 
Absolute zero (R = O () 


e. F= 20 +32 = 2(-273.15") + 32 = —459,67" 


R = Rool 1 2 Oy E 20*C)] 
= 0.4 Q2[1 + 0.00393(16 — 20)] = 0.4 2[1 — 0.01572] = 0.394 Q 
Ro. 
AR = [romina PpmMyxaT) = 22% a001165* — 25% = 0.176 2 
106 108 
R — Nominal + AR 22.176 Q 


412: Area = 6529 CM 
d = /6529 CM = 80.8 mils = 0.0808 in. ES = 0.205 cm 
1n. 


1d? (0.205 cm) 


A A A 0.033 cm 
4 4 
1 = 1MA 10.033 cr] = 33 kA > 20 A 
C . 
a. 2 times larger b. 4 times larger 


120F => C = ¿CF - 32) = 5120 - 32) = (88) = 48.890 
Fig. 3.21 — no apparent change from 20” level 
-. 10 k0 


(Even) 


46. 


48. 


SO. 


Ze 


56. 


S8. 


20 


6.25 kQ and 18.75 kQ 


a. 56,000 + 5% = 56,000 Q + 2800 (2 = 53,200 Q — 58,800 Q 


b. 220 Q + 10% = 220 Q + 22 (1 = 198 Q — 242 Q 


C. 10 2 + 20% = 102 +21 =8 0 - 12 0 


15 Q + 20% => 12 ( > 18 Q 


10 Q + 20% > 8 Y => 12 Q 
| Yes 


a. G = = 11.628 S 


1 


c. G= ___— =0,4545 uS 


2.2 x 10 Q 
Ga > G, > G, vs R. > R» > R, 


2 5 2 l 
y E O A A 
2 dd 1» h | pa 320201 

A bl, 

+ 1 
G; l PLA 3 OS | 


o, Ar FLA 
2 2 41% 134] 


G, = 5G, = 5(100 S) = 500 S 


a. —50C specific resistance 
S0*C specific resistance 


Ro mom 


200*C specific resistance 
b. negative 
C: No 


_ A fl-cm _ 300 - 30 
AT 125-5350 


Q0.5mA, V = 195 V 
Q1mA, V = 200 V 
QOSmA, V = 215 V 
AViota = 215 V — 195 V = 20 V 
S mA:0.5 mA = 10:1 
compared to 
215 V:200 V = 1.075:1 


10% 2-cm 
500 (M-cm 
7 Q-cm 


_ 270 %-cm _ 
75*C 


CHAPTER 3 


